Summary. Unfertilized mouse oocytes were cooled rapidly by directly plunging them into liquid nitrogen, immediately after exposure to a highly concentrated solution (modified VS1: 2\m=.\53 m-dimethyl sulphoxide, 2\m=.\36m-acetamide, 1\m=.\19m-propylene glycol, 5\m=.\4% (w/v) polyethylene glycol (Mr 8000) in PB1), and later warmed in a 37\s=deg\C waterbath. After warming, 305 out of 348 oocytes (87\m=.\6%) were morphologically normal.
Introduction
Since mouse embryos were shown to survive storage at -196°C by the subsequent birth of live young (Whittingham et ai, 1972) , preimplantation embryos of many mammalian species have been successfully stored at -196°C (Leibo, 1986; Friedler et ai, 1988) . Although the freezing of unfer¬ tilized mouse oocytes was reported by Tsunoda et ai (1976) , Parkening et al. (1976) , Whittingham (1977) and Glenister et ai (1987) , the overall survival rates of the oocytes after thawing were low in these reports. Nakagata (1989) has demonstrated that it is possible to snap-cool 2-cell mouse embryos after brief, one-step exposure to a modified vitrification solution (VS1) (Rail & Fahy, 1985) at room temperature.
In the present study the viability of unfertilized mouse oocytes has been examined.
Materials and Methods
Source of oocytes. B6C3(C57BL C3H/He) F, hybrid mice (3-1 months old) were induced to superovulate with injections of 5 i.u. PMSG and 5 i.u. hCG 48 h apart. Intact cumulus masses were released from the excised oviducts into HTF medium (Quinn et a!, 1985) containing 01% hyaluronidase 14-15 h after hCG. When the cumulus cells had been detached from the oocytes, the oocytes were washed 3 times in HTF medium (0-2 ml/wash) and incubated for 10-20 min in HTF medium containing 20% fetal calf serum (Gibco, Grand Island, NY, USA) at 37°C under 5% C02 in air before cryopreservation. Cooling and warming. The cooling and warming method used has been described previously (Nakagata, 1989) . Between 20 and 25 cumulus-free oocytes in a small volume of HTF medium ( < 1 pi) were transferred into 20-30 pi of modified VS1 medium (2-53 M-dimethyl sulphoxide (DMSO), 2-36M-acetamide, ÌT9M-propylene glycol, 54% (w/v) polyethylene glycol (Mr8000) in Medium PB1 (Whittingham, 1974) , in sampling tubes (volume 0-5 ml: Cat. No. 72.699, Sarstedt, Nümbrecht, West Germany) at room temperature and the samples were plunged directly into liquid nitrogen. The time of exposure of the oocytes to modified VS1 before cooling was 5-10 sec. The samples were stored for 1-3 weeks before warming. The samples were warmed by direct transfer from liquid nitrogen to a 37°C waterbath and were immediately diluted with a single addition of 0-3 ml Medium PB1 containing 0-3 M-sucrose when the samples began to liquefy (~5 sec). The contents of each tube were emptied into a watch glass and the tubes were rinsed once with 0-3 ml Medium PB1 containing 0-3 M-sucrose. The recovered oocytes were washed by transfer through 4 changes of HTF medium (0-2 ml/wash) at room temperature, and the number of oocytes and their morphological appearance were recorded. 
Results
Nearly all (348/361) of the cryopreserved oocytes were recovered and exhibited a normal morphology (87-6%, 305/348) after warming and dilution (Fig. 1) .
Fertilization in vitro of cryopreserved oocytes
The results when the cryopreserved oocytes were examined 5 and 24 h after insemination are summarized in Tables 1 and 2 and Figs 2 and 3. In the cryopreserved oocytes, the proportions of pronuclear oocytes and 2-cell embryos 5 and 24 h after insemination in vitro were 81-6% (124/152) and 78-4% (120/153), respectively. There were significant reductions in the percentages of pronuclear oocytes and 2-cell embryos when compared with those of the untreated oocytes (control) (P < 005), but no significant changes when compared with those of the oocytes exposed to the modified VS1, but not cooled (solution control) (P > 005). Transfer of cryopreserved oocytes The development of 2-cell embryos from cryopreserved oocytes fertilized in vitro after transfer is shown in Table 3 . All 2-cell embryos obtained from cryopreserved oocytes were transferred to 11 pseudopregnant recipients and 45-8% (55/120) of the 2-cell embryos developed to normal young. There was no significant difference in rate of survival to normal young between the cryopreserved oocytes and the oocytes exposed to modified VS1, but not cooled (solution control) (P > 005), but survival was significantly lower than that of the untreated oocytes (control) (P < 005). (1972) , but the survival rates after thawing were low and only 4-13% of the morphologically normal oocytes can be fertilized in vitro. Whittingham (1977) and Glenister et ai (1987) also reported that the percent¬ ages of morphologically normal oocytes after thawing were between 65% and 76% after being (Whittingham et ai, 1972) . Furthermore, these authors report that a proportion of these frozen-thawed oocytes can develop to live fetuses or young after in-vitro fertilization and transfer of 2-cell embryos. However, this slow freezing and slow thawing method is time-consuming, and the overall survival rates of frozen-thawed oocytes are low com¬ pared with those of frozen-thawed embryos (Leibo, 1986; Friedler et ai, 1988) .
A successful rapid cooling method for 8-cell mouse embryos has been reported, in which freez¬ ing occurred in a mixture of 3 M-glycerol and 0-25-0-5 M-sucrose (Takeda et ai, 1984; Széll & Shelton, 1986 
